Background: The management of ground glass opacity (GGO) on computed tomography (CT) remains controversial. Information of the relationship between clinical behavior and pathological invasiveness of GGO is valuable for management. We conducted this retrospective study to establish differences in the pathological invasiveness between GGO with and without changes. Methods: Among 1762 patients, the following criteria was used: (1) maximum tumor diameter of 3 cm or less, (2) tumor having 50% or more GGO and (3) resection after at least three months of follow up. A change of CT findings was defined as an increase in the diameter or consolidation compared with the initial CT. The relationship between preoperative changes and ratio of invasive adenocarcinoma was investigated. Predictors of GGO growth were also examined. Results: There were 250 patients: pure GGO without changes (G-N group; n = 118), pure GGO with changes (G-C group; n = 35), part-solid GGO without changes (S-N group; n = 78), and partsolid GGO with changes (S-C group; n = 20). The ratio of invasive adenocarcinoma in each group was 0.54, 0.89, 0.8, and 0.90. There was a significant difference between the G-N and G-C group (P < 0.001). However, there was no significant difference between the G-C, S-N and S-C group. Multivariate analysis indicated age was a predictor of preoperative changes (OR = 1.953, P = 0.049).
Introduction
Lung adenocarcinomas detected as ground glass opacity (GGO) dominant tumors by high resolution computed tomography (CT) are associated with a good prognosis, and future pathologies are minimally invasive (1) (2) (3) . Thus, patients with such tumors are candidates for observation rather than immediate resection.
There are several reports on the natural history of GGO dominant tumors, and changes in CT findings have been observed with regards to their size and consolidation. An tumor size increased was observed in 15.2-32% of tumors that were pure GGO (4-6) and 76% of tumors that were part-solid GGO (7) . Solid components appeared in 2-16% of the pure GGO tumors (5, (8) (9) (10) and were increased in 9-21% of the part solid GGO tumors (5, 8, 9) .
However, the impact of preoperative changes on the invasiveness of lung adenocarcinomas is still unclear.
We conducted this retrospective study to establish differences in the pathological invasiveness between GGO dominant tumors with and without observed changes during the preoperative period.
Materials and methods

Patient
A retrospective study was conducted on 1762 patients with primary lung cancer, who had undergone tumor resection between January 2010 and December 2015 at our institute. Among them, 419 patients (23.8%) were enrolled in this study using the following criteria: (1) maximum tumor diameter of 3 cm or less, (2) tumor having a GGO of 50% or more on CT and (3) resection undergone after at least three months of follow up with CT. Patients who underwent tumor resection within three months after detection (n = 169) were excluded from this study.
Radiologic evaluation
All patients underwent preoperative thoracic CT scan to evaluate the primary tumor and mediastinal nodes, and CT was performed with a slice thickness of 2 mm or less using mediastinal (level of 40 Hounsfield units (HU), width of 400 HU), and lung (level of 600 HU, width of 1600 HU) window settings. All CT findings were reviewed by the authors (M.F., T.M. and K.S.). Tumor size was determined based on thin-section CT scan findings. A solid component was defined as an area of increased opacity that completely obscured the underlying vascular markings. GGO was defined as an area of slight homogeneous increase in density that did not obscure the underling vascular markings (11) . The proportion of GGO and solid components were defined by the maximum diameter of consolidation and tumor.
All preoperative CT findings were evaluated and the changes were defined as an increase in maximum tumor diameter (at least 2 mm) or an increase in consolidation compared with initial CT findings. The patients were categorized into four groups: pure GGO without changes, pure GGO with changes, part-solid GGO without changes and part-solid GGO with changes.
Operation policy
With regard to the management for GGO dominant tumors in our institute, all tumors are basically followed by CT examination in three months to determine persistence. All part-solid GGO and pure GGO with changes are candidates for surgical resection. The observation interval and the timing of surgery are adjusted according to the degree of malignancy of tumor and the situation of the patient. Surgical procedure decided based on maximum diameter of tumor and the CTR on thin section CT. If tumor was small (≤2 cm) and GGO dominant (CTR ≤ 0.25), the patient was a candidate for limited surgical resection (12) . However, in the case tumor was close to hilar area or intersegmental area, lobectomy was selected for sufficient surgical margin.
When patients have additional lesions in same lobe or segment, these lesions were resected at the same time by lobectomy or segmentectomy. When patients have additional peripheral lesions in same side, these lesions were also resected at once by additional wedge resection. Lesions that cannot be resected at once were managed in the same way as a separate lesion.
In this study 48 patients had additional GGO lesions. And additional lesions were resected at once in 19 patients (30.6%). However these additional lesions were excluded from this study and evaluation focused only on main lesion.
Pathologic evaluation
All specimens were fixed in 15% buffered formalin overnight and sectioned at 5-10 mm parallel intervals including the largest area of the tumor on the cut surface. Paraffin-embedded specimens were cut into 4 μm thick sections, and were stained with hematoxylin and eosin (HE), Elastic-van Gieson (EVG) and Azan. We staged these lung cancers according to the guidelines in the 7th Edition of TNM in Lung Cancer of the International Association for the Study of Lung Cancer (IASLC) Staging Committee (13) . Adenocarcinoma was classified according to the Internal Association for the Study of Lung Cancer, American Thoracic Society and European Respiratory Society classification as atypical adenomatous hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA) and invasive adenocarcinoma (1) .
The relationship between clinical behavior and ratio of invasive adenocarcinoma was investigated.
Statistics
t-Test or chi-square test was used to compare factors in groups. Uniand multivariate analyses were performed to identify the predictors of invasive adenocarcinomas and growing GGOs using logistic regression analysis. Forward and backward stepwise procedures were used to determine the combination of factors essential for predicting them. A P value of less than 0.05 was considered to be significant. Statistical analyses were performed with SPSS 24.0 statistical software (SPSS, Inc., Chicago, IL).
Results
Two hundred and fifty patients were selected for this study. Figure 1 shows the schema of the study population. Pure GGO was found in 153 patients and part-solid GGO was found in 97 patients. Table 1 shows the clinical characteristics of these groups. Mean initial tumor size larger in patients with part-solid GGO was larger than those with pure GGO. Mean preoperative follow up time was shorter for patients with part-solid GGO than those with pure GGO. The two groups were similar in age, smoking history, serum CEA level and the surgical procedures that were performed. Changes in preoperative CT findings were observed in 35 patients (22.9%) in the pure GGO group and 20 patients (20.4%) in the Tumor size ≤ 3cm Consolidation tumor ratio < 0.5 CTR = 0 Pure GGO n = 153 0 < CTR <0.5 Part solid GGO n = 97 Figure 1 . Schema for the study population. Ground glass opacity (GGO) dominant tumors were defined as having 50% or more GGO on thin slice CT. A pure GGO lesion was defined as a lung tumor without a solid component (left), whereas a part solid GGO was defined as a lung tumor with a consolidation (right).
part-solid GGO group. The type of changes based on CT findings were tumor size increased (24 in the pure GGO group and 13 in the part-solid GGO group), and consolidation appeared or increased (18 in the pure GGO group and 12 in part-solid the GGO group).
The chi-square test showed no significant difference between these groups regarding the changes based on CT findings. The pathological characteristics are presented in Table 2 . Histology indicated that the tumors were adenocarcinomas except for two cases in the pure GGO without change group that were diagnosed as AAH. Pleural invasion was found in one (1.5%) patient in the part-solid GGO without change group. Vessel invasion, lymph duct invasion and lymph node metastasis was not found in this patient cohort. Invasive adenocarcinoma was found in 178 study subjects. EGFR mutations were significantly associated with part-solid GGO. However, these mutations were not correlated with preoperative changes.
The chi-square test showed that the ratio of invasive adenocarcinoma in the pure GGO with change group was significantly different from that in the pure GGO without change group (Table 3) . There were no significantly differences among the other groups.
Univariate analysis indicated that age, male gender, initial tumor size, the presence of solid components and changes in preoperative CT findings were predictors of invasive adenocarcinoma. In a multivariate analysis, initial tumor size (OR 1.132, P = 0.006), and change in CT findings (OR 3.727, P = 0.012) ( Table 4) Univariate analysis revealed that predictors of increase in tumor size or consolidation in the preoperative follow up were age, gender, smoking index and presence of solid components. A multivariate analysis of the hazard ratio for changes in CT findings showed that age (over 70 years old) (OR 1.953, P = 0.049) was a significant factor (Table 5) .
Discussion
GGO dominant tumors have been increasingly observed due to widespread use of high resolution CT imaging, and many studies have reported a relationship between radiological prognostic factors and pathological invasiveness (9, 14, 15) . The specificity of pathological invasiveness, which is defined as the presence of vascular and lymphatic invasion and lymph node metastasis, was reported to be 100% when the cut-off value was set as a consolidation/maximum tumor ratio of ≤0.5 for lesions ≤3 cm (16) . Based on the analysis of a multi-institutional prospective study, the specificities for pathological invasiveness were reported to be 96.4% for an adenocarcinoma ≤3 cm with a consolidation/tumor ratio (C/T ratio) of ≤0.5 and 98.7% for an adenocarcinoma ≤2 cm with a C/T ratio of ≤0.25 (11) . The survival outcome from this study was reported as an excellent prognosis even based on the criteria of a C/T ratio of 0.5 in 3 cm adenocarcinomas (17) . Hence surgical resection of GGO dominant tumors was usually performed after a set period of time. In this study, 63.8% of pure GGO and 54.4% of part-solid GGO tumors were surgically resected after at least three months while 169 patients underwent tumor resection within three months. In the preoperative follow up period, the change in CT findings is important for management of GGO dominant tumors. Multivariate analyses in this study showed that tumor size, presence of solid components, and changes in CT findings are predictors of an invasive adenocarcinoma. Seok et al. (18) reported that the pathology results of ten patients with part-solid tumors who developed changes in their lesions were not different from those of 14 patients without changes. Our data support that finding, which is based on the examination of more part-solid nodule cases. Therefore, surgery can be deferred until those lesions demonstrate changes in size or growth in their solid components.
However, there are few reports on the pathological invasiveness of pure GGO lesions with or without lesional changes. The ratio of invasive adenocarcinomas of pure GGO lesions with changes is significantly higher than those without changes. Monitoring by temporal CT is mandatory even though the invasiveness of pure GGO lesions has been reported to be low (19, 20) .
Several reports suggest that a decrease in tumor size is observed when a pure GGO lesion changes to a part-solid GGO lesion (21, 22) , and Kaneda et al. (23) reported that a decrease in tumor size is a predictor of pathological invasiveness. We investigated changes in size of all the GGO dominant lesions, however, there was only one case with a decrease in tumor size during the preoperative period. Therefore, a reduction in size was not listed as a change in this study. Furthermore, we estimated the time for a tumor to increase in size or for the intensity to increase from the initial CT findings, but no consistency was observed. The doubling time of GGO predominant lesions was long (810-880 days) and extremely variable (24) . A few lesions have been reported to begin growing after three years of observation (5, 10, 25) . Thus, a long follow up period is required to detect changes in GGO dominant tumors. The preoperative follow up duration of this study was short because our hospital policy for GGO dominant tumors is surgery. Therefore, one study limitation is the inability to clarify the natural history of the GGO tumors and determine how long the follow up should be.
The predictors of increase in tumor size or growth in consolidation of GGO dominant tumors have been previously reported to be a history of smoking, the initial tumor size (26) , gender, presence of solid components and age (9) . While these factors were also significant in this study based on the univariate analyses, only age was a predictor based on the multivariate analyses.
There are several other limitations of this study, aside from the duration of follow up. This was a single-center, retrospective study and this survey was only for resected primary lung cancer. The data of the lesions followed without surgery and lesions which are proven benign was missing. Therefore, patient selection bias was inevitable. In addition, there is the possibility of assessment error of changes in CT findings, even though tumor size increased was defined as 2 mm or more to reduce error based on previous report (27) . Despite these limitations, this study provides valuable information on the relationship between pathological invasiveness of GGO dominant tumors and changes in clinical images.
In conclusion, the pathological results of GGO lesions with solid components that develop changes were not different from those that did not develop changes in the preoperative follow up. Therefore surgery for part-solid lesions is necessary though it can be deferred until those lesions demonstrate a change in size or density. The pathological results of pure GGO lesions with changes were equivalent to those of part-solid nodules. Furthermore a multivariate analysis of the hazard ratio for changes in CT findings showed that age was a significant factor. Therefore, even for pure GGO lesions, follow up of the lesions is necessary especially in elderly patients.
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